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I• NATURE OF THE INVESTI GAT I ON 
A. AIMS *< 
THIS INVESTIGATION OF THE THIN PLATE PLATE ORIFICE 
FOR METERING AIR WHEN LOCATED ON THE INTAKE END OF A PIPE 
WAS MADE WITH TWO MAIN' OBJECTS IN VIEW! 
I* TO DETERMINE THE FEASIBILITY OF THIS TYPE OF FLOW 
MEASUREMENT* 
(A) LOCATION OF THE VENA CONTRACTA FOR ORIFICE 
sYz£s FROM 20% TO IOC$ OF THE PIPE AREA AND 
FOR PRESSURE DIFFERENTIALS FROM 2*3 TO oÔ I 
INCHE8 OF WATER. 
(B) DETERMINATION OF THE COEFFICIENT OF DISCHARBE* 
FOR VARIOUS ORIFICE SIZES AND DIFFERENTIAL 
PRESSURES* 
(c) FINDING THE EFFECT OF IMPROPERLY MADE ORI-
FICE PLATES ON THE COEFFICIENT OF DISCHARGE. 
2. TO DETERMINE WHETHER OR NOT AIR FLOW MAY BE AC-
CURATELY METERED BY AN ORIFICE AT VERY SLIGHT 
PRESSURE DIFFERENTIALS. THE TEST INCLUDES ORI-
FICE DIFFERENTIALS AS LOW AS .O^l INCHES 0* 
WXTER AND VELOCITIES IN THE DUCT AS LOW AS ABOUT 
5 FEET PER SECOND. 
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B. APPLICATIONS 
ASIDE FROM TKE PURELY SCIENTIFIC tfALUE OF INVEST I OATING 
THE CHARACTERISTICS OF THE FLOW THROUQIi. T H J? TYPE OF ORIFICE, 
SUCH A3 THE COEFFICIENT OF DI3CHARGE, THE LOCATION OF THE 
VENA CONTRACTA, AND WHETHER OR NOT THIM LOCATION SHIFTS WITH 
THE PRESSURE DI FFERENT IAL* ETC., THERE ARE SOME PRACTICAL 
ADVANTAGES IM ITS USE ALREADY APPARENT* 
1. IT MAY BE USED AS A MUCH SIMPLIFIED METHOD OF TEST-
ING PROPELLER FANS, BLOWERS, AND EXHAUST FANS* 
2. IT MAY BE USED ON ANY TYPE OF AIR INTAKE, SUCH AS 
FOUND IN HEATING, VENTILATING, AND AIR CONDITIONING WORK, 
£NB IS ESPECIALLY ADVANTAGEOUS WHERE IT WOULD BE INCONVEN-
IENT TO BREAK INTO A 0UGT TO INSERT A PIPE ORIFICE* 
3» IT IS ADAPTABLE TO CONFINED SPACES WHERE IT WOULD 
BE IMPOSSIBLE TO USE A VENTURIMETER, PIPE ORIFICE, OR PITOT 
TRAVERSE, SINCE ALL OF THE LATTER REQUIRE A LONG UNIFORM 
APPROACH SECTION. 
K» IT IS 3IMPLE TO CONSTRUCT AND REQUIRES NO ACCU-
RATE MACHININ3* IN LARGE SIZES THE ORIFICES MAY 3E CUT WITH 
A COLD CHISEL. 
' - • • - - • " 
5* ONLY ONE PRESSURE TAP AND CONNECTION IS NEEDED. 
6. NO VELOCITY OF APPROACH FACTOR NEED BE CALCULATED. 
?• ONE COEFFICIENT OF DISCHARGE MAY BE USED FOR ORI-
FICE SIZES FROM 20 TO \ OOfo P«PE AREA AND FOR PRESSURE 
DIFFERENTIALS FROM I TO 2 INCHES OF WATER AND BE WITHIN 
ABOUT \% ERROR. 
3 
C» PREVIOUS WORK <- v ; 
AFTER A SEARCH OF THE TRANSACTIONS OF THE AMER-
ICAN SOCIETY OF MECHANICAL ENGINEERS,, THE ENGINEERING INDEX, 
AND OTHER SOURCES OF ENGINEERING INFORMATION, NO PREVIOUS 
WORK HAS BEEN FOUND DEALING WITH AN ORIFICE LOCATED ON THE 
END OF AN INTAKE P|F>£« NEITHER HAS ANY RECORD BEEN FOUND OF 
WORK DEALING WITH AS SMALL PRESSURE DI /TERENTIALS FOR ORI-
FICES AS ARE USED IN THIS INVEST I3ATI ON• THE LOWER LIMITS 
OF PRACTICALLY ALL ORIFICE WORK HAS SEEN ABOUT ONE INCH OF 
WATER PRESSURE, WITH THE EXCEPTION OF A FFEW INSTANCES, MOST-
LY IN EUROPE, WHERE THE RANGE OF INVESTIGATION EXTENDED BE-
LOW THI8 VALUE* 
THE NEAREST APPROACH TO THIS TYPE ORIFICE IS PER-
HAPS THE METERING DEVICE DEVELOPED BY R. J. DURLEY!, AND FUR-
THER INVESTIGATED IN MODIFIED FORMS BY J« A* POLSON^ IN THIS 
COUNTRY, AND MULLER* IN GERMANY* HOWEVER, THESE EXPERIMENTS 
DIFFER FROM THE ONE DI8CUB8ED HERE, FOR IN THEI* CASE A** 
WAS DISCHARGED INTO THE ATMOSPHERE THROUGH AN ORIFICE FROM A 
RELATIVELY LARGE RESERVOIR, WHEREAS IN THE INTAKE PIPE ORI-
FICE AIR IS DRAWN THROUGH AN ORIFICE PLATE DIRECTLY FROM THE 
ATMOSPHERE INTO A PIPE^. THEY ARE SIMILAR IN THAT THE ORI-
FICE PLATE IS NOT LOCATED IN THE PIPE LIME AS 15 CUSTOMARY, 
AND THAT THE APPROACH VELOCITY OF AIR ENTERING THE ORIFI3E IS 
NEGLIG8BLC* 
l« R* J* DURLEY-ON THE MEASUREMENT OF At* FLOWING THROUGH 
CIRCULAR ORIFICES INTO THE ATMOSPHERE-ASME TRANSACTIONS-1906 
h 
2* J * A . POLSON-THE FLOW OF A I R THROUGH CIRCULAR O R I F I C E S I N 
T H I N P L A T E S - U N I V E R S I T Y OF I L L I N O I S B U L L E T I N #2UD - 1932 
3 . E. OWER - MEASUREMENT OF A I R FLOW-CHAPMAN & H A L L , L T D * , 
LONDON-1935 
TESTS USING THE DURLEY BOX TYPE OF O R I F I C E FOR 
THE INTAKE OF AIR HAVE BEEN CONDUCTED BY THE NATIONAL AOIVWORY 
COMMITTEE FOR AERONAUTICS1 IN AMERICA AND BY WATSON AND SCHO-
FIELO 2 IN ENGLAND* HOWEVER, IN BOTH CASES THE ORI»IOE SIZES 
WERE BELOW TWO INCHES AND USED IN LARGE RESERVOIRS* ALSO, THE 
LOWER LIMIT OF THE DIFFERENTIAL PRE8SURE8 THEY USED WAS ONE 
HALF INCH OF WATER COMPARED TO *Q^\ INCH USED IN THIS WORK* 
REGARDING LOCATING THE VEBA CONTRACTA, MUCH WORK 
HA3 BEEN DONE IN TH13 FIELD, BUT ONLY FOR ORIFICES IN PIPES, 
WITH THE EXCEPTION OF THE RESEARCH BY PROFESSOR R* S* KING AND 
PROFESSOR H* JUDD3. THEY LOCATED AND ACTUALLY MEASURED THE 
81ZE OF THE VENA CONTRACTA OF JETS OH WATER ISSUING INTO THE 
AIR FROM A FRIOTIONLESd ORIFICE* IN PIPE ORIFICES, SOME 
NOTABLE WORK |N LOCATING THE VENA CONTRACTA HAS BEEN DONE BY 
J* M* SPITZGLA8S^> HORACE JUD©5, AND E* BUCKINGHAM^. 
I. WARE-EFFECT OF THE REVERSAL OF AIR FLOW UPON THE DISCHARGE 
COEFFICIENT OF DURLEY ORIFICES - TECHNICAL NOTES* 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS - No. i+O-1931 
2* E. OWER-MEASUREMENT OF AIR FLOW-CHABMAN & HALL, LTD*,LONDON-
3* R» S* KING AND H* JUDD-SOME EXPERIMENTS IN THE FRICTIONLESS 
ORIFICE - ENGINEERING NEWS, VOL* 56, PP* 326-330 - 1906 
k» J« M» SPITZQLASS-ORIFICE COEFFICIENTS-ASME TRANSACTIONS 
P. 919 - 1922 
5* HORACE JUDD-EXPERIMENTS ON WATER FLOW THROUGH PtpE ORIFICES 
ASME TRANSACTIONS, P. 33' - 1916 
6* E. BUCKINGHAM-H* S. BEAN, M* E. BENESH-EXPERIMENTS IN METER-
ING LARGE VOLUMES OF AIR - BUREAU OF STANDARDS RESEARCH 
PAPER NO* 335 - 1931 
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2J_. INSTRUMENTS AND EQUIPMENT _ 
A* GENERAL LAYOUT ; 
THE PLAN ON PAGE 5 > D R A * N T° SCALE AND THE PHOTO-
GRAPH ON PAGE 7 8H0W THE ARRANGEMENT AND SIZE OF THE EQUIP-
MENT* IT WAS SET UP IN THE BASEMENT OF T^E MECHANICAL ENGI-
NEERING BUILDING OF THE GEORGIA SCHOOL OF TECHNOLOGV liM THE 
SPRING OF I934» THE REFRIGERATION APPARATUS SEEN IN THE 
PHOTOGRAPH WAS BUILT FOR AN INVESTIGATION OF HEAT TRANSFER 
IN AIR COOLING UNITS, AND THE AIR FOR THIS TE8T WAS TO HAVE 
BEEN SUPPLIED BY THE SAME FAH, BUT DURING THE TESTS DI8CUS8ED 
HERE THE FAN DISCHARGED DIRECTLY TO THE ATMOSPHERE* IT WAS 
0RI3IMALLY PLANNED TO CHECK THE ACTUAL FLOW OF AI3 BY HEAT 
BALANCES ON THE COOLING UNIT AND ON A STEAM HEATING RADIATOR 
ALSO IM THAT LINE, BUT THIS PLAN WAS ABANDONEO* 
ALL MEASUREMENTS WERE MADE ON THE SUCTION SIDE 
OF THE FAN. REFERRING TO THE DIAGRAM, AIR ENTERS THE SY3TEM 
THROUGH THE INTAKE ORIFICE PLATE AND FLOWS THROUGH THE VEN-
i 
TURIUETER TO THE FAN INTAKE* 
THE INTAKE P«*E ON WHICH THE ORIFICE PLATES WERE 
MOUNTED WAS INCLINED AT AN ANGLE OF FOUR DEGREES TO HAVE THE 
*«» 
ORIFICE OPENING AWAY FROM ANY EFFEGT OF THE PROXIMITY OF THE 
FLOOR AND TO AFFORD BETTER ACCESS TO THE REFRI3ERATOR EQUIP-
MENT* 
AS SEEN IN THE DIAGRAM THE MAMOMETERS FOR THE 
ORIFI3E AND FOR THE VENTURIMETER WERE 1ACH LOCATED A3 NEAR AS 
POSSIBLE TO THEIft RESPECTIVE POINTS OF PRESSURE MEASUREMENT 
80 THAT THE CONNECTION LENGTHS WOULD BE A MINIMUM. THIS 
<j£N£/eAL. l/t£lA/ O/r APPA/eATVd 
TH£ IA/TAK£ P*&£ 0*2/r/C* 
8 
REDUCES POSSIBLILITES OF LEAKS AND SHORTENS THE TIME LAG OF 
INDICATING) VARIATIONS 1(4 FLOW* 
TH|3 ARRANGEMENT NECESSITATED A SIGNAL DEVICE SO 
THAT THE OPERATOR KEEPING. THER.OW THROUGH THE VENTURIMETER 
CONSTANT MAY IMFORM THE OPERATOR AT THE ORllMCE METER |T THE 
FLOW 18 CORRECT. TOO HIGH OR TOO LOW* THIS WAS ACCOMPLISHED 
BY 8IGNAL LIQHT3 OPERATED BY A KEY AT THE VEN TURI .METER 8TATI0N* 
THE WOODEN FRAME WORK SEEN MIDWAY OF THE PIPE 
LINE SUPPORTS THE PITOT TUBE TRAVERSE GUIDES* 
B* THE FAN, MOTOR, AND DUCTWORK 
THE FAN USED A SIROCCO jfk MULTIBLADE BLOWER, BUILT 
BY THE AMERICAN BLOWER CO* OF DETROIT* THE DIAMETER OF THE 
IMPELLER W43 2I|. INCHES AND HAD 6L(. BLADES 10 INCHES WIDE* THE 
SCROLL CASING WAS L6 INCHES WIDE AND THE DIAMETER OF THE IN-
TAKE WAS 25 INCHES*. WHILE THE DISCHARGE WAS 20 INCHES SQUARE* 
ST WAS BELT DRIVEN AT 700 RPM BY A 220 VOLT 3 PHASE INDUCTION 
MOTOR DEVELOPINQ 5HP AT 174° RPM. 
THE DUCT WORK WAS OF 22 GAGE GALVANIZED IRON PIPE 
22*75 INCHES INSIDE DIAMETER* ALL JOINTS WERE SOLDERED AIR 
TIGHT, AND ALL ROUGH PROJECTIONS ON THE INSIDE AT THE JOINTS 
WERE REMOVED* STEEL REINFORCING HOOPS WERE PLACED AROUND THE 
PIPE TO INSURE A ROUND CROSS SECTION AT ALL POINTS* 
C. CONTROL OF FLOW 
SlMCE A CONSTANT SPEED INDUCTION MOTOR WAS USED 
TO DRIVE THE FAN, OTHER MEANS HAD TO BE PROVIDED TO REGULATE 
THE FLOW OF AIR* THl8 WAS ACCOMPLISHED BY THREE METHODSI 
9 
(A) BY A SLIDING SHUTTER AT THE FAN DISCHARGE TO 
MAKE MAJOR CHANGES IN THE FLOW* 
(B) BY A BUTTERFLY VALVE BETWEEN THE FAN AND VEN-
TURIMETER TO MAKE FINE ADJUSTMENTS AND TO COMPENSATE FOR VAi-
IATIONS IN THE VELOCITY DURING A RUN* A FLEXIBLE CABLE CON-
TROL PERMITTED THE OPERATOR SEATED AT THE VENTURIMETER MANO-
METER TO MAINTAIN A GIVEN RATE OF FLOW BY WATCHING THE MANO-
METER* 
(c) BY BYPASSING AIR TO THE FAN. AT VERY LOW 
VELOCITIES THE BUTTERFLY VALVE WAS FOUND INEFFECTUAL, AS IT 
WAS PURPOSELY MADE SMALLER THAN THE CROSS-SECTION OF THE PIPE 
TO PERMIT FINE ADJUSTMENTS AT HI3H SPEEDS* HENCE IT WAS 
NECESSARY TO BY-PASS AJS INTO THE DUCT AHEAD OF THE VALVE 80 
THAT THE REMOTE CONTROL BUTTERFLY VALVE COULD BE USED IN THE 
LOW VELOCITY RUNS* 
D. MANOMETERS 
IT WAS NECESSARY TO C0N8TRUCT TWO MICRO-MANOMETERS 
TO ACCURATELY MEA3URE THE SLIGHT PRESSURE DLFFERENTFALSO A 
PHOTOGRAPH OF ONE OF THESE INSTRUMENTS WILL BE FOUND ON PAGE 
10* THE PLANS FOR THE INSTRUMENTS WERE WORKED OUT AT GEORGIA 
TECH, BUT THEY WERE BASED ON A SIMILAR INSTRUMENT USED AT THE 
UNIVERSITY, OF TORONTO' . THEY READ DIRECT TO ONE THOUSANDTH 
OF AN INCH OF ALCOHOL AND MAY BE ESTIMATED TO *0005 INCH OF 
ALCOHOL OR • OOOLJ. INCH OF WATER. A FULL DESCRIPTION OF THE 
MANOMETERS WILL BE FOUND IN THE APPENDIX* 
I* E. QWER-MEASUREMENT OF AIR FLOW - CHAPMAN & HALL LTD*, 
LONDON - 1933 ' *•• . 
10 
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E* PJTOT TUBES 
THE TWO PITOT TUBES USED IN CALIBRATING THE 
VENTURIMETER WERE MADE IN ACCORDANCE TO DIFFERENT STANDARD8 
OF DESIGN SO THAT ONE MIGHT BE A CHECK ON THE OTHER* ONE 
TUBE WAS MADE ESPECIALLY FOR THIS TEST AND PROPORTIONED A3 A 
RECOMMENDED BY THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS.' 
THE OTHER TUBE, BORROWED FROM THE AERONAUTICS DEPARTMENT OF 
THE GEORGIA SCHOOL OF TECHNOLOGY, WAS DESIGNED FROM RECOM-
MENDATIONS OF THE AERONAUTICAL RESEARCH COMMITTEE OF THE 
NATIONAL PHYSICAL LABORATORY OF ENGLAND^* CALIBRATION or 
THESE TUBES IS DISCUSSED IN THE APPENDIX AND A DRAWING OF 
THEM WILL BE FOUND ON THE PRECEDING PAGE* 
F* VENTURJMETER 
THE VENTURIMETER USED FOR DETERMINING THE FLOW 
DURING ACTUAL TEST WORK HAD BEEN IN THE LABORATORY FOR SEV-
ERAL YEARS, BUT AS IT WAS OF A POOR DE3IGN* IT WAS REVAMPED 
A3 MUCH AS POSSIBLE FOR THJS TEST. IT WAS MADE OF GALVANIZED 
SHEET METAL, AND HAD A 82*83 INCH APPROACH AND A 12*09 THROAT. 
EI3HT l/8 INCH STATIC PRES3URE TAPS WERE LOCATED AT THE THROAT 
AND CONNECTED BY A PIEZOMETER RING, AND THE SAME AT THE AP-
PROACH SECTION* 
> 
I* AMERICAN SOCIETY OF MECHANICAL ENGINEERS RESEARCH PUBLI-
CATION THIRD EDITION - 1931 - FLUID METERS, THEIR THEORY 
AND APPLICATION* 
2* E* OWER AND F* C* JOHANSEN - DESIGN OF PITOT-STATIC TUBES 
REPORTS OF MEMORANDA, NO. 98! OF THE AERONAUTICAL RESEARCH 
COMMITTEE OF THE NATIONAL PHYSICAL LABORATORY oir ENGLAND* 
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AS TOLD IN THE APPENDIX, TH18 METER WAS PAINS-
TAKINGLY CALIBRATED BY 21 SEPARATE 20-POINT PI TOT TUBE TRA-
VERSES • TWO DIFFERENT PITOT TUBES WERE USED AND TRAVERSES 
WERE MADE AT DIFFERENT SIZE SECTIONS BRFORE AND AFTSR THE V£N-
TURIMETER TO AVERAGE OUT ALL PQS8I8LZ ERRORS* 
G* INTAKE ORIFICE METER 
ORIFICE PLATES* THE ORIPJCES USED WERE OF THE 
THIN PLATE, SQUARE EDGE TYPE WITH ROUND HOLES CONCENTRICALLY 
LOCATED WITH RESPECT TOT THE PIPE. THEY WERE MADE FROM GAL-
VANIZED SHEET IRON WITH AN AVERAGE THICKNESS OF .06[| INCHES* 
THE HOLES OF FOUR OF THEM WERE TURNED ON A LATHE BY FASTENING 
THEM TO A WOOD PANEL, AND ANY BURRS WERE REMOVED BY A FINE FILE. 
A FIFTH ORIFICE PLATE WAS MADE OF THE SAME METAL 
BY CUTTING WITH A COLD CHISEL, TO TEST THE EFFECT OF ROUGHNESS 
AND RAGGED EBGE8. THIS ORIFICE WAS NOT TOUCHED WITH A FILE. 
THE FOLLOWING TABLE GIVE8 DIAMETERS (D) OF THE ORIFICES AND 



















THE PLATE DENOTED AS }fPIP£w REFERS TO THE TESTS 
IN WHICH NO PLATE WAS USED AT ALL, THE OPEN END OF THE PIPE 
SERVING AS AN^R1F|CEM* 
PIPE* THE PLATES WERE FASTENED BY 3° BOLTS TO A 
3G- INCH FLANGE SOLDERED TO THE OUTSIDE OF THE END OF THE PIPE. 
A FELT GASKET WAS USED TO PREVENT LEAKS. THIS SECTION OF THE 
DUCTWORK, 36 INCHES LONG, WAS MADE OF I 6 GAGE GALVANIZED IRON 
WITH A REINFORCING RIM AT THE BACK TO INSURE A CIRCULAR SEC-
TION. THE INSIDE DIAMETER THROUGHOUT THIS SECTION WAS 22*75 
INCHES, WHILE AT THE FLANGE END THE INSIDE MEASURED 22.?8 INCHES. 
PRESSURE TAPS: SEVENTEEN PRESSURE TAPS WERE L O -
CATED AT APPROXIMATELY EACH TWO INCHES DOWNSTREAM FROM THE ORI-
FICE PLATE* EACH HOLE WAS OFFSET or£ IMCH SUCCESSIVELY AROUND 
THE CIRCUMFERENCE SO THAT NO TWO HOLES WERE IN THE SAME 
STREAM LINE. THIS ELIMINATED THE POSSIBILITY OF TURBULENCE 
FORMED BY ONE STATIC HOLE AFFECTING W E SUCCEEDING PRESSURE 
READING. ALL STATIC HOLES WERE DRILLED ONI EIGHTH INCH IM 
DIAMETER AND SLIGHTLY BEVELED TO REMOVE BURRS* GAS COCKS 
WERE SOLDERED ON THE 0UT3IDE OF THE PIPE AT EACH HOLE SO THAT 
A RUBBER HOSE CONNECTION COULD BE SHIFTED FROM TAP TO TAP AND 
THE ONES NOT IN USE TURNED OFF. THE C0CK8 WERE GROUND IN WITH 
VALVE COMPOUND, TESTED^FOR LEAKS AND GREASED. ALL RUBBER 
HOSE USED WAS NEW HEAVY TUBING, AND WAS TESTED FOR LEAKS* 
THE FOLLOWING TABLE GIVES THE EXACT LOCATION or 
THE STATIC PRESSURE TAPS IN INCHES AND ALSO IV PER CENT P|?E 
DIAMETER. MEASUREMENTS WERE MADE FROM THE DOWNSTREAM SIDE 
OF THE ORIFICE PLATE TO THE CENTER OF THE STATIC PRESSURE 
HOLE. 
LOCATfON OF STATIC PRESSURE TAPS 
DISTANCE DISTANCE 
FROM PLATE ?<D --•MTAP N O . FROM PLATE fJD 
2.13 IN« 9.37^ 10 2 0 . lj.3 I N . 90.($ 
I+.I2 18.1 1 1 22.50 98.9 
6*16 27.1 12 24*53 107.9 
8.18 36.0 13 26.58 117*0 
10.22 45.0 \h 28.61 126.0 
12.26 54.0 15 30.64 135.0 
1^30 63.O 16 32.67 II+3.8 
I6.53 71*9 17 34.69 152.6 
18.38 80.8 
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III. METHOD OF CONDUCTING TEST v 
A* LOCATION OF VENA CONTRACT*;•;.-
AFTER A CAREFUL CHECK TO-^AEMOV! ANY AIR BUBBLES 
IN THE ALCOHOL CONNECTIONS OF THE MANOMETERS, THE BA8E8 OF 
THE INSTRUMENTS WERE LEVELED WITH A SPIRIT LEVEL AND THE 
ZERO READINGS ACCURATELV SET* THE ANGLE OF THE CROSS-HAIR 
TUBE WAS ADJUSTED TO SUIT THE REQUIRED ACCURACY OF THE PAR-
TICULAR RUN, VALUES OF KROM |JF TO 10 DEGREES BEING USED AC-
CORDING TO WHETHER THE READINGS WILL BE IN THE VICIMTV OF 
l / l O INCH OR 8 INCHES* 
WITH A GIVEN ORIFICE PLATE IN PLACE, THE SLIDE VALVE 
ON THE FAN DISCHARGE WAS OPENED TO GIVE MAXIMUM FLOW FOR THE 
FIRST RUN. THE OPERATOR AT THE VENTURJWETER STATION KEPT 
THE FLOW AS CONSTANT AS POSSIBLE BY THE REMOTE CONTROL BUTTER 
FLY VALVE, AT THE SAME TIME SIGNALING IF THE FLOW BECAME TOO 
FAST OR TOO SLOW* IN SPITE AF ALL PRECAUTIONS TAKEN IT WAS 
IMPOSSIBLE TO MAINTAIN AN ABSOLUTELY STEADY RATE OF FLOW* 
HOWEVER, THE VARIATIONS WERE BROUGHT WITHIN NARROW LIMITS, 
AND. A3 EACH READING WAS RECORDED ONLY AFTER OBSERVATIONS 
WITH THE VELOCITY SLIGHTLY ABOVE AND SLIGHTLY BELOW, AS WELL 
AS NORMAL, THC ERROR HERE WAS REDUCED TO A MINIMUM* 
> 
STARTING WITH THE TAP NEAREST THE ORIFICE PLATE, THE 
DIFFERENCE IN PRESSURE FROM THE ATMOSPHERE WAS MEASURED BY 
THE MANOMETER* WLTH THE FLUCTUATING FLOW THAT EXISTED IT 
REQUIRED SEVERAL MINUTES OBSERVATION TO GET A REPRESENTATIVE 
READING AT EACH POINT, ALSO, AT POINTS REMOTE FROM THE VENA 
CONTRACTA THERE WAS A CHARACTERISTIC UNSTABILITY |M PRESSURE, 
17 
ESPECIALLY IN THE DOWNSTREAM DIRECTION, THAT MADE READINGS 
DIFFICULT* IT WAS FOUND THAT THE READINGS BECAME MORE STABLE 
WITH DECREASED DIFFERENTIAL AND INCREASED ORIFICE SIZE WITH 
THE EXCEPTICM OF THE 100$ ORIFICE* 
ON SOME OF THE RUNS, READINGS WERE NOT TAKEN ANY 
FURTHER FROM THE ORIFICE PLATE THAN ABOUT THE 3% RECOVERY 
POINT, AS THIS WAS AS MUCH AS WAS NEEDED FOR THIS INVESTI-
GATIOK* 
AN ALTERNATE METHOD WAS USED WHERE THE FLOW WAS VERY 
UNSTEADY THAT PROVED VERY SATISFACTORY* THIS WAS TO ROUGHLY 
LOCATE THE VENA CONTRAGTA, CONNECT THE LOW PRESSURE SIDE OF 
THE MANOMETER HERE AND READ THE DIFFERENTIAL PRESSURE8 BE-
TWEEN THIS TAP AND THE OTHER TAPS. THE ADJACENT COCKS WERE 
TRIED FIRST AND IF ONE GAVE A NttGATIVE READING, THE COW 
PRESSURE SIDE OF THE MANOMETER WAS SHIFTED TC IT. TH18 EL8M-
NATED THE FLUCTUATIONS DUE TO VARYING RATES OF FLOW, AS A 
\/k% CHANGE IN VELOCITY WOULD CHANGE THE RELATIVE DIFFERENCE 
BETWEEN THE PRESSURE TAPS ONLY AN INSIGNIFICANT AMOUNT* 
IN SOME INSTANCES WHERE READINGS WERE UNSTABLE, TWO 
OR MORE HUNS AT THE SAME VELOCITY WERE AVERAGED TO OBTAIK 
SMOOTH CURVES* 
APPROXIMATELY SE$EN RUNS WERE MADE ON EACH OF THE S*X 
ORIFICE SIZES, USING DIFFERENT RATES OF FLOW, THESE RATES OF 
FLOW WERE SELECTED AT RANDOM, EXCEPT THAT RUN8 WERE MORE 
CLOSELY SPACED AS THE DIFFERENTIAL BECAME LOWER SO THAT THEY 
WOULD BE MORE EQUALLY SPACED ON A VELOCITY BASL$« 
18 
IN THE GA8E OF THE \QO% ORiriCE, NO ORIFICE PLATE 
WAS USED, THE AIR BEING DRAWN DIRECTLY INTO THE PIPE. THE 
J-g INCH EXTERNAL FLANGE WAS LEFT ON AS IT COULD NOT BE 
- V»<-
CONVENIENTLY REMOVED* THE LOCATION OF THE VENA CONTRACT* 
WAS SO SHARP IN THIS CASE THAT THE TAPS SHOULD HAVE BEEN LO-
CATED CL08ER TOGETHER FOR BEST RESULTS. AL30, THERE WAS A 
SLiCiHT RIOGE PRECEDING THE FRRST TAP WHICH MAY HAVE AFFECTED 
THE READING 80MEWHAT* THE READINGS FOR THIS 100$ ORIFICE 
WERE RATHER UNSTEADY AND ITS ACCURACY IS NOT COMPARABLE TO 
THE OTHER RUNS* 
B» COEFFICIENT OF DISCHARGE 
THE COEFFICIENTS OF DISCHARGE FOUND IN THESE EXPERI-
MENTS ARE BA8ED ON THE PRESSURE DIFFERENTIAL AT THE VENA 
CONTRACTA. SlNGE THIS PRESSURE WAS OBTAINED IN LOCATING THE 
VENA CONTRACTA AT KNOWN RATES OF FLOW, IT WAS NECESSARY TO 
ONLY SUPPLEMENT THESE READINGS WITH ADDITIONAL ONES TAKEN AT 
OTHER RATES OF FLOW, AND ALSO TO MAKE REPEAT READINGS AT THE 
SAME VELOCITIES TO GET AVERAGE VALUES AND TO FIND THE 
PROBABLE CONSISTANCY OR ABILITY TO REPEAT WITH THE SAME 
RESULTS* 
THESE REPEAT RU^S WERE MADE ON DIFFERENT DAYS AT 
VARIOUS TEMPERATURES, HUMIDITIES AN0 BAROMETER READINGS* 
CORRELATIONOEFLOW THRU ORIE/CE 
TO CHANGES IN STA TIC PRESSURE 
Atmospheric Pressure 
Peoovera PJ ressure 
Pressure at Vena Coniracia 
20 
IV. RESULTS 
A* LOCATION OF VENA CONTRACTA 
THE FOLLOWING PAGES CONTAIH? A TABULATION OF THE 
-^IV 
PRESSURES READ AT THE VARIOUS TAPS FOR DIFFERENT VELOCITIES 
AND ORIFICE SIZES. IN SOME CASES THE RESULTS RECORDED ARE 
THE AVERAGE OF TWO OR MORE RUNS* WHERE THE READINGS WERE 
ACTUALLY MEASURED A8 DIFFERENCES IN PRESSURE FROM THAT JIT THE 
VENA CONTRACTA, THEY WERE CONVERTED TO THE ACTUAL PRESSURE 
BELOW ATMOSPHERIC 80 A8 TO BE CONSULTANT* READINGS ARE IN 
INCHES OF ALCOHOL OF.. APPROXIMATE «802 SPECIFIC GRAVITY AT 
ROOM TEMPERATURES ENCOUNTERED. THE EXACT DENSITY MAY BE FOUND 
FROM THE CURVE ON PAGE 5& 'K THE APPENDIX* 
IN ORDER TO PUT THE RESULTS ON A COMPARATIVE BASIS, 
THE READINGS WERE ALL CONVERTED TO A PERCENT BASIS AS FOLLOWS: 
A * PRESSURE AT ANY TAP (BELOW ATMOSPHERIC) 
&V m PRESSURE AT VENA CONTRACTA, OR DIFFERENTIAL 
* s DIFFERENCE IK PRE8SURE AT ANY TAP FROM THAT 
AT VENA CONTRACTA 
6 - A„-A 
% DIFFERENCE FROM PRESSURE AT VENA CONTRACT* m 100 W~ 
£±v 
OURVES OF PERCENT DIFFERENCES WERE PL0TTED FOR VARIOUS VE-
LOCITIES OR VALUES OF A ^ , THOSE FOR EACH ORIFICE SIZE BE-
ING GROUPED ON SEPARATE PAGES* TO SEPARATE THE CURVES, THE 
ZERO PER CENT LINE FOR EACH CURVE WAS SHIFTED UP THE SAME 
AMOUNT REGARDLESS OF THE 01FFERENCE IN VELOCITY., 
PRESSURE GRADIENTS FOR ORIFICES 
P r e s s u r e s in i n c h e s o f a l c o h o l below atmospher ic 
2 0 $ O r i f i c e Dia.= 10 .18 i n . 
T P r e s s . \ A ;5"v Pres s . 
1 Vent .= . 6 5 0 Vent.: 
P Dry Bulb 82 y 
10 • Wet Bulb 62 
2 . 8 0 5 
2 , 8 0 5 
2 , 8 1 1 
2 .814 
2 , 8 1 6 
2 . 8 3 3 
2 . 8 2 4 
2 . 8 2 9 
2 . 8 3 2 
2 . 8 3 5 
2 .837 
2 , 8 3 8 
2 , 8 3 8 
2 , 8 2 5 
2 . 8 1 3 
2 . 7 9 5 
1 .16 
1 . 1 6 
. 9 5 
. 8 5 
.77 
. 5 5 
. 49 
. 3 2 
. 2 1 
. 1 0 
. 0 3 
0 
0 
. 4 6 
.88 
1,52 
2 Run Av* » 
vl P r e s s . ' 
450 Vent . - . 2 ! 
1 .950 . 9 2 
1 .953 . 7 6 
1.957 . 5 6 
1 .958 . 5 1 
1 .960 . 4 1 
1 .961 . 3 6 
1 . 9 6 3 . 2 5 
1 .963 . 2 5 
1 .964 .20 
19967 .05 
1 .967 . 0 5 
1 .968 0 
1 .987 . 5 6 
1 .944 1 .22 

























2 . 5 6 
3 . 6 5 
One Run 




































3 . 0 
4 . 3 6 
5 .77 
6 .98 
1 0 0 $ O r i f i c e Dia .= 2 2 . 7 8 i n . 
II 
Vent .» 7 . 0 0 0 
Dry.Bulb 92 
Wet Bulb 68 
Bar. 2 8 . 9 8 



























































1 9 . 3 
3 3 . 8 
3 8 . 5 
3 9 . 4 
4 0 . 8 
4 2 . 8 
4 3 . 6 
4 5 . 0 
4 5 . 2 
4 5 - 5 
4 5 . 6 5 
4 5 . 6 5 
45 .65 
Run 
2 8 . 9 0 
. 2 1 5 2 , 7 2 
. 2 2 1 0 
. 217 1 . 8 1 
. 1 9 6 1 1 . 3 
. 170 2 3 . 1 
. 150 3 2 . 1 
. 1 3 2 4 0 . 3 
68 
2 9 . 0 4 
One Run 
. 1 3 1 
a 3 4 8 













. 0 7 2 
.073 
On i 
<o • 8 2 
- 0 
3 . 5 6 
11 ,0 
<32.1 
3 5 . 5 
4 2 . 2 
4 4 , 4 
45*9 
4 5 . 9 
4 5 . 9 
4 6 . 3 
4 5 . 9 
4 6 . 6 
4 6 . 6 
4 6 . 6 
4 5 . 9 
j Run 
PRESSURE GRADIENTS FOR ORIFICES 
Pressures i n inches of alcohol below atmospherio 
* Or i f i ce Dia.= 13.50 i n . 
r e s s . | % ZV p r e s s . $ ^v iPress . $ ^vI Press . '4'AvImpress, i 
Vent. 1.500 Vent. 1.000 Vent. .800 \ Vent. .700 I Vent. .500 
»ry Bulb 931 83 I 80 I 73 . , , 
Bulb 68 65 65 59 60 

























































1-.33 .956 .88 
•96 .958 .68 
.81 .959 .57 
.67 .960 .47 
.44 .9615 .31 
.30 .9635 .31 
.15 .9635 .10 
007 .9645 0 
0 .9645 0 
0 .964 .05 




3 .43 1.870 
4 .83 
3 .41 1.385 4,951 .900 I 6.75 
n Av. Two Rub Av. One Run 
Vent. .350 I Vent. .350 
Dry Bulb 801 ! 
" Bulb 63 i 




























































1.10 .1390 .77 
.70 ,1393 .54 
.38 .1396 .31 
.06 .1300 I 
) .1300 i 
> .1300 
) .1300 
3 .1396 .31 
.16 .1391 .69 
1.37 .1377 1.77 
3.54 .1357 3.31 
3.81 .1337 5.61 




1 .1118 14.00 One Run I Two 'Jain AY. I Two Bin Av.l Two Run Av; 
PRESSURE GRADIENTS FOR ORIFICES 
Pressures in inches of a lcohol belo^r atmospheric 
45$ Orifice Dia . s 15.25 in 
Dry Bulb 92 














































>3510 .011 .343 2.421 
•338 3.84 
One Run One Run One Run One Run 
L Vent 
Dry Bulb 82 ~ 80 
Wet Bulb 66 65 
Bar. 28 .94 28.94 
.175 .85 .0870 1 ? 
,176 .28 .0875 









.160 9.35 .0780 111.4 
One Run One Run 
PRESSURE GRADIENTS FOR ORIFICES 
Pressures i n inches of alcohol below atmospheric 
Or i f i ce Dia.» 18.33 
Press . %AvlPress 
Vent. 4.0001 Vent 
Wet Bulb 651 
|Dry Bulb 85 
4. 1.651 
5 1/658 
3 6 1 .661 
-1 7 1.659 
1 81 1.637 
|| 91 1-585 
">0 1.535 

































AvIPress . %-AvlPress. 













.830 1 7 . 8 






































3 .73 .430 










.673 3S..5 .500 33.5 
.365 31 .0 
.334 37.7 
.313 33 .5 
.396 36 .0 
Two Run Av. One Run Two Run Av.I One Run I Two Run Av. 
Vent. .800 
Wet Bulb 64 























.308 2 .58 
.300 6 .33 
.188 11 .9 .391 14.3 7  6 7

























.344 38.0 .149 30.4 .088 31.8 
.224 33.9 .140 34.6 .083 35.8 
.313 37.3 .134 37.5 .079 38.8 
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IT WILL BE NOTICED THAT THERE IS AN UMMISTAKABLE 
SHIFT OF THE PRESSURE RECOVERY LIKES AND TLSO OF THE POINT 
OF MINIMUM PRESSURE FOR DIFFERENT VALUES OF »ITH THE SAME 
ORIFICE. ALSO, THE SHIFT IS MUCH MORE RAPID AT «LIGHT 
DIFFERENTIAL PRESSURES. To SHOW THIS SHIFT, THE LOCATION OF 
THE \% PRESSURE RECOVERY POINT WAS PLOTTED AGAINST THE 
DIFFERENTIAL PRESSURE ON PAGE J2* THIS POINT WAS SELECTED 
RATHER THAK THE POSITION Or THE VENA CONTRACTA SINCE THE 
FORMER MAY BE DEFINITELY LOCATED WHEREAS THE LATTER IS 
RATHER INDEFINITE AND THE JUDGMENT OF THE ONE PLOTTING THE 
CURVES MAY AFFECT THE POSITION SELECTED A DISTANCE OF AS MUCH 
AS 10 OR 20% OF THE PIPE DIAMETER* ATTEMPTS WERE MADE TO PLOT 
THESE CURVE8 OF THE SHIFT OF PRESSURE RECOVERY ON REGULAR 
COORDINATE PAPER AND ALSO ON LOO PAPER, BUT SEMI LOG PAPER 
WAS USED AS THIS SEEMED TO SUIT THE CURVE BEST. IT MU8T BE 
BORNE IN MIND THAT THESE CURVES WERE PLOTTED TO SHOW THE AP-
PROXIMATE ACTUAL DOCATICN AND SHIFT OF THE \% RECOVERY POINT 
IN THIS RANGE ©F DIFFERENTIALS, AND THE CURVES SHOULD NOT BE 
EXTRAPOLATED VERY FAR OB TAKEN TO INDICATE THAT THE TREND 
WILL CONTINUE |N THE SAME DIRECTION FOR WIDELY DIFFERENT 
BIFFERENTIALS» ALTHOUGH THE POINTS ON THESE CURSES MAY AP-
PEAR RAGGED, NO POINT MISSES ITS CURVE OVER ABOUT f% OF THE 
PIPE DIAMETER WHILE MOST OF THE POINTS ARE MUCH CLOSER* It 
MUST BE REMEMBERED THAT THESE POINTS REPRESENT A \% CHANGE 
IN PRESSURES AS SMALL AS .051 INCH OF WATER, WHICH MEANS A 
DIFFERENCE IN PRESSURE OF ONLY .00051 INCH OF WATER WHICH IS 
AN EXTREMELY DIFFICULT MEASUREMENT. 
I * « 
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IN ORDEfl TC CORRELATE THE RESULTS OF 0 EFFERENT VE-
LOCITIES AND BIFFERENT ORIFICE SIZES, THE CURVES ON PAGE 3k 
WERE PLOTTED* THE CURVES OF MAXIMUM LOCATION OF TAPS TO BE 
WITHIN J$ ERROR Itf THE FLOW THROUGH THE ORIFICE WERE PLOTTED 
FROM VALUES TAKEN FROM THE CURVES ON PAGE 32. ONE PER CENT 
ERROR IN READING THE DIFFERENTIAL PRESSURES MEANS ONLY 4gfo 
ERROR IK THE FLOW CALCULATED, AS THE FLOW IS A FUNCTION 0F 
THE SQUARE ROOT OF THE HEAD, E.G., 
/T. -- I 
/§9 * .995 
ALTHOUGH THE DIFFERENCE BETWEEN I AND *99 is \%» I AND .995 
ARE ONLY 4^O AT VARIANCE. 
DOTTED LINES SHOW THE APPROXIMATE LOCATION OF MINIMUM 
PRESSURE READINGS WHICH WERE BSTIMATED FROM THE POSITION OF 
THIS POINT ON THE ORIGINAL PER CENT PRESSURE CHANGE CURVE8. 
THE LOCATION FOR A TWO INCH DIFFERENTIAL WAS NOT SHOWN AS IT 
WOULD BE DISPLACED ONLY SLIGHTLY TO THE RIGHT OF THE CURVE 
FOR A ONE INCH DIFFERENTIAL* ALTHOUGH THIS WAS LABELED THE 
LOCATION OF THE VENA CONTRACTA AND IT IS GENERALLY CONCEDED »Y 
OTHER EXPERIMENTERS THAT THE PLANE OF MINIMUM PRESSURE AND 
VENA CONTRACTA COINCIDE, NO PROOF OF THIS CORRELATION WA8 
MADE IN THESE TESTS. 
> 
THE APPROXIMATE MINIMUM LOCATION OF THE STATIC 
PRESSURE TAP FOR -g$ ERROR IN DISCHARGE WAS DETERMINED FROM 
THE ORIGINAL PER CENT PRESSURE CHANGE CURVES, THE POINTS BE-
ING TAKEN WHERE THE ORIGINAL CURVES INTERSECT THE \% PRESSURE 
DIFFERENCE LINES IN THE UPBTREAM DIRECTION. THESE POINTS 
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STREAM SID* OF THE VENA CONTRACTA IP VERY GRADUAL. THE CURVE 
3HOWN IS AN APPROXIMATICN RATHER THAN AN AVERAGE OF ACTUAL 
VALUES, AND IS DRAWN FOR A 2 INCH 0 >FFERENTIAL» AS THE MINlMUtf 
LOCATION FOR SMALLER D IFFERENTIALS^WOULD BE NEARER THE ORIFICE 
PLATE* 
IN USING THE INTAKE PIPE ORIFICE, FOR STEADIEST READ-
INGS AND MOST ACCURATE RESULTS, THE STATIC PRESSURE TAP SHOULD 
BE LOCATED AT THE VENA CONTRACTA SHOWN BY THE DOTTED LINE, BUT 
AS fHIS LINE SHIFTS WITH THE DIFFERENTIAL *8 WELL AS WITH ORI-
FICE SIZE, OBVIOUSLY THIS WOULD BE IWiPOSSlBLE FOR VARYING FLOW. 
HOWEVER, IT WILL BE SEEN FROM THE CURVES ON PAGE 3U THAT A L E -
GATION THAT I? IDEAL FOR A l/l 0 INCH DIFFERENTIAL WOULD ALSO 
BE SATISFACTORY FOR A ONE INCH D8FFERENT4AL. HENCE, IF THE 
RANGE OF DIFFERENTIAL PRESSURES EXPECTED WERE FROM l/lO TO ONE 
INCH THE TAP COULD BE LOCATED ON THE l/lO INCH VENA CONTRACTA 
LIKE} OR IF THE RANGE BE ONE INCH TO TWO INCHES OF WATER DIF-
FERENTIAL, A TAP LOCATED ATTHE VENA CONTRACTA FOR A ONE INCH 
DIFFERENTIAL WOULD GIVE EXCELLENT RE8ULTS* 
IN CASE IT IS DE8IREO TC USE VARIOUS ORIFICES SIZES ON 
A PIPE AS WELL AS A WIEE RANGE OF DIFFERENTIALS, A TAP LOCATED 
hp% OF THE PIPE DIAMETER DOWNSTREAM WOULD GIVE GOOD RESULTS 
UP TO AN ORIFICE SIZE OF 80^ OF ABOUT 9/\ 0 OF THE PIPE DIAMETER. 
v 
ALTHOUGH THIS INVESTIGATION WAS MAINLY FOR DIFFERENTIALS 
ON ONE INCH AND LESS, WHERE P0S3 1ELE THE PRESSURE CHANGE WAS 
FOUND AMD PLOTTED FOR JALUES UP TC TWO INCHES AND OVER. SINCE 
THE AMOUNT OF SHIFT DECREASED SO RAPIDLY WITH INCREASED DIF-
FERENTIALS, IT IT BELIEVED THAT THE TAP LOCATION SUITABOE FOR 
A TWO INCH DIFFERENTIAL WOULD BE SUITABEE FOR MUCH GREATER AIR 
VELOCITIES. THIS IS BORNE OUT BY THE FACT THAT OTHER EXPERI-
56 
I 
MENTERS HAVE FOUND NO APPRECIABLE SHIFT IN THE VENA CONTRACTA 
WITH VELOCITY IN PIPE ORIFICES FOR 01RFERENTIALS ABOVE ONE 
INCH OF WATER* 
8. COEFFICIENT OF DISCHARGE 
THE COEFFICIENTS FOUND ARE OVERALL HYDRAULIC COEFFICIENTS 
OF DISCHARGE B*3ED ON PRE3SURE DIFFERENTIALS MEASURED AT THE 
VENA CONTRACTA. 
V * CA \J2QH 
V • Cu» FT* PER SEC. 
0 • OVERALL ORIFICE COEFFICIENT 
A « AREA OF ORIFICE PLATE - sq» FT* 
p 
3 •» ACCELERATION OF QRAV ITY-FT .PER SEG* 
H » HEAD IN FEET OF FLU 10 FLOWING 
THIS IS THE ACCEPTED FORMULA FOR PRESSURE DIFFERENTIALS 
UP TO ONE PER CENT OF THE ABSOLUTE PRESSURE OF THE MEDIUM FLOW-
ING. ALTHOUGH IT 13 BASED ON THE ASSUMPTION THAT THE FLUID 
FLOWING IS NOT COMPRESSIBLE, ITS USE FOR A I R I S JU3T I? " IEO IN 
THAT WHEN USING THIS RELATION FOR A D I F F E R E N T I A L OF \% OF THE 
ABSOLUTE PRESSURE, A DIFFERENCE OF ONLY +6% WILL BE FOUND 
FROM THE FLOW GIVEN BY THE COMPLETE THERMO-DYNAMIC EQUATION* 
As THE H88HEST O R I F I C E D IFFERENTIAL USED IN THESE TE8TS WAS 
2 . 3 INCHES OF WATER, REPRESENTING LESS T H A I m6fo OF THE BARO-
v 
METRIC PRE3SURE, I T 13 WELL WITHIN THE RANGE OF USE Off THIS 
FORMULA. 
ACTUAL DISCHARGE 
r ^ s x — 1 •-• - 1 1 • - 1 - 1 ji • 11 . • _* 
THEORETICAL DISCHARGE 
ACTUAL DISCHARGE IS FOUND BY THE VENTURIU!ET£R AS FOLLOWS: 
V - C VA V/2G^ 
>( 
Ĝ  • OVERALL COEFFJCIENT OF VENTURIMETSR. 
Ay " AREA OF VENTURIIMETER THROAJT-SQ. FT» 
SUBSCRIPTy PERTAINS TO VENTURIMETER* 
SUB3CR1S»T0 PERTAINS TO ORJ,FICE. 
HENCES 
C V AVV/2QH V 
A 0 \ /£OHO 
PXS.G. X 62.14.' 
BuT H " ft -T* 
P = D I F F E R E N T I A L I N I N C H E S OF ALCOHOL 
S . G . " S P E C I F I C G R A V I T Y OF A L C O H O L 
D • D E N 8 1 TY OF A I R 
S u B S T l r u T I N Q I 
C » 
BUT S Q V • S Q 0 ( S A M E ALCOHOL AT SAME T E M P . ) 
D v a Do ( S A M E A I R , SAME T E M P * , P R E S S U R E W I T H I N \%) 
C A N C E L I N G A L L EQUAL T E R M S : 
Cu D» \fp~~ V "V yrv 
D o / % " 
T H E R E A D I N G S T A K E N FOR F I N D I N G THE C O E F F I C I E N T S , T H E I S 
A V E R A G E S , AND T H E CORRESPONDING C O E F F I C I E N T S ARE T A B U L A T E D ON 
THE F O L L O W I N G P A G E S . 
T H E C O E F F I C I E N T S ARE P L O T T E D ON P A G E L\0 A G A I N S T D I F F E R -
E N T I A L ^PRESSURE AND AS SEEN, THE DOTTED LINE AT *60l COMES 
WITHIN #8$ OF ALL l\6 POINTS SAVE 0NE» THERE IS APPARENTLY NO 
CHANGE IN COEFFICIENT WITH DIFFERENTIAL. 
THE AVERAGE COEFFICIENT OF EACH ORIFICE PLATE WA8 
COEFFICIENTS OF INTAKE PIPE ORIFICES 
Pressures in inches of alcohol below atmospheric 
Orifice Dia.g 10-IB in. 
Venturimeter •650 .450 
Tap No. Used 11 & 13 11* S3 




























»ftl 1.500 1.000 .800 .700 .500 .350 .250 .16 .075 .065 
2.884 1.936 1.549 1.352 
2 .886 1.935 1.548 1.359 
1.937 1.548 1.358 
1.938 1.549 







,488 .315 .149 .130 
,492 .316 "is .1307 
.491 .1305 
,491 .131" 
.4905 .3155 .149 .1306 
Def'f. .601 .601 .602 .603 .605 .603 .603 .6035 .602 .600 

































COEFFICIENTS OF INTAKE PIPE ORIFICES 
Pressures i n inches of a lcohol belour atmospheric 
65$ Ori f ioe Dia.= 18 .33 i n . 
Vent. 4 .000 2.400 1.800 1.400 1.100 .800 .500 .300 







4 & 3 
.997 .7535 .586 .462 .339 .2135 .1288 .0634 
.996 .7515 .586 .463 .337 .213 .1385 .0635 
.996 .7525 .586 .463 .337 .213 .1390 .0640 
.998 





•9974 .7522 .586 .4620 .3377 .2128 .1288 .0636 
.599 .600 .600 .600 .600 ,600 .599 .604 
65$ Orifioe- Dia.s 18.28 in. 
(Out with cold ohi8el) 
2.400 1.800 1.400 1.100 .800 .500 .300 .150 
1.005 .760 .595 .464 .337 .215 .129 
H88 '22 *595 -466 -338 *215 'is! 
1.007 .759 .466 .339 .214 
1.0066 .7587 .595 .4653 .338 ,2147 .129 
.150 





Ooeff. .601 .600 .600 .599 .601 ,603 .601 
100$ Orifioe Dia.s 23.78 in . 
.603 .606 
Vent. 7.000 5.000 3.500 1.750 1.250 .750 
Dif. 1.307 .875 .446 .303 .221 .134 
1.305 .880 . «oO .303 ,221 .135 








1.3073 .8750 .4393 .3017 .333 .134 
Coeff. .604 .598 .598 .605 .596 .596 
II 
ii 
1 A/TAKE 0&/r/C£ Cd£FfklENT 
J * » ! f l -*-... + I 
0 ^ ^ ^ ^ ^ ^ " W ^ S 
o o ! : , i u ! I; i 
^-a^4^«4 
0 .2 4 
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PLOTTED AGAINST ORIFICE SIZE IN PER CENT PIPE DIAMETER, A3 
SHOWN BY THE DOTTED LINE ON THE LOWER HALF QF, PAGE UO» HERE 
THERE APPEARS TO BE A SLI3HT INCREASE OF THE COEFFICIENT AS 
THE ORIFICE SIZE BEC0ME8 SMALLER* IN DRAWING THE LINE, LESS 
EMPHASIS WAS GIVEN TO THE LAST POINT ON THE LEFT AS ALL THE 
VENTURIUETER READINGS OF THE 20/£ ORIFICE WERE LESS THAN •? 
INCH OF ALCOHOLJ AND IN THIS RANGE ITS CALIBRATION COULD NOT 
BE SO ACCURATE* 
COEFFICIENTS FOR ORIFICES LOCATED WITHIN LARGE PIPES 
OBTAINED BY S P I T Z Q L A S S , BAILEY, AND BUCKINGHAM ( T H E LATTER OF 
THE BUREAU OF STANDARDS) WERE PLOTTED WITH THIS LAST CURVE 
FOR COMPARISON* THE COEFFICIENTS AS ORIGINALLY GIVEN BY THE 
BUREAU OF STANDARDS INCLUDED THE APPROACH VELOCITY FACTOR, SO 
/ / 
THEY WERE DIVIDED BY .// (O^IFtCE A*£A \2 T0 PLACE THEM ON THE 
]/ ' \ P/pcAecA / 
SAME BASIS A3 THE OTHERS. THE VALUES OBTAINED IN THIS TEST 
AGREE WITHIN \% OF THE AVERAGE OF THE OTHER THREE CURVES* 
THE AVERAGE COEFFICIENT FOUND FOR THE INTAKE PIPE ORI-
F I G E , * 6 0 l , AGREES VERY WELL WITH THOSE FOUND FOR DISCHARGING 
AIR THROUGH AN O R I F I C E FROM A TANK WH03E CROSS SECTION AREA 
IS OVER 2 0 TIMES THAT OF THE O R I F I C E ( "DURLEY B0XM T Y P S ) » 
OURLEY'S COEFFIC IENTS FOR ORIF ICES 5 / l 6 TO l\. INCHES IN D I A M -
ETER CONVERGE ON »60 AS>THE D I F F E R E N T I A L APPROACHES ZERO, 
WHILE POLSON'8 COEFFICIENTS FOR -g- TO 2g- INCH O R I F I C E S GROUP 
AROUND »60 WHEN THE HEAD IS LESS THAN 6 INCHES OF WATER* 
MULLER FOUND THE AVERAGE C 0 E F F I 6 I E N T OF TH13 TYPE OF O R I F I C E 
TO BE * 5 9 7 FOR S I Z E S FROM * 9 2 TO 2*1)7 INCHES, IRRESPECTIVE OF 
D I F F E R E N T I A L * 
h2 
WATSON AND SCHOFIELO FOUND COEFFICIENTS TO FALL W I T H I N 
\% OF » 5 9 & FOR ALU D I F F E R E N T I A L S WHEN FLOW I S REVERSED THROUGH 
THE ABOVE T Y P E OF O R I F I 3 E , U 3 I NG O P E N I N Q 3 FROM ^ TO 2 I N C H E S 
I N D I A M E T E R * WARE FOUND THAT THEFEPRESSURE D E F E R E N T I A L FOR 
R E V E R 3 E FLOW THROUGH T H E D U R L E Y BOX O R I F I C E WAS T H E SAME FOR 
THE SAME R A T E OF F L O W , W I T H I N \FO9 WHICH FURTHER T I E S I M 
D U R L E V ' 8 MEAN C O E F F I C I E N T OF ^ 6 0 W8TH THE R E S U L T S OF T H I 3 
E X P E R I M E N T * 
h3 
V* CONCLUSION 
I* THE INTAKE ORIFICE 88 A PRACTICAL DEVICE FOR 
MEASURING Ala FLOW* 
• > » • 
2* A COEFFICIENT OF *60I MAY BE U3ED FOR ORlflCE SIZES 
FROM 2<j/o TO IOO/£ AND FOR DIFFERENTIALS FROM. *5l TO 2*3 IMGHES 
OF WATER DIFFERENTIAL* 
J. THE OPEN END OF A PIPE MAY BE USED AS AN ORIFICE, 
ALTHOUGH THE READINGS ARE RATHER UNSTABLE* 
J4* FLOW THROUGH AN ORIFICE MAY BE MEASURED WITHIN ABOUT 
\% ERROR WITHOUT ELABORATE EQUIPMENT, WHEN PRESSURE DIFFERENTIALS 
ARE AS LOW A3 «05 INCHES OF WATER* THI 8 MAKE8 THE ORIFICE USE-
FUL FOR TESTING OF PROPELLER TYPE FANS AND FOR HEATING AND 
VENTILATING WORK WHERE ONLY SLIGHT LOSS OF HEAD CAN BE TOLERATED* 
5* IN LARGE SIZES, THE IRREGULARITY OR ROUGHNESS OF THE 
THIN PLATE ORLFLCE HAS NO APPRECIABLE EFFECT ON THE COEFFICIENT* 
6* THE LOCATION or VENA CONTRACTA SHIFTS WITH PRESSURE 
D I F F E R E N T I A L , ESPECIALLY BELOW ONE INCH OF WATER D I F F E R E N T I A L -
l T , OF COURSE, ALSO SHIFTS WITH THE PER CENT AREA OF THE O R I -
F I C E , AS HAS LONG BEEN KNOWN I N THE CASE OF THE P| i»6 O R I F I C E * 
> 
?• A TAP LOCATED hp% OF THE PIPE DIAMETER DOWNSTREAM 
MAY BE USED WITHIN J$ ERROR FOR ORIFICE SI|E3 FROM 2C$ TO 8C$ 
AND FOR PRE3SURE DIFFERENTIALS FROM «! TO 2 INCHES OF WATER* 
8. IT IS BELIEVED THAT THE ACCURACY OF THE COEFFICIENT 
FOUND IN TH8S TEST 13 WITHIN \% ERROR* 
Uh 
9* ALTHOUGH THESE TESTS WERE LIMITED TO A 22#75 J'̂ CH 
PIPE AND ORIFICE 81ZES ABOVE I Q • I 8 INCHES, IT 13 BELIEVED 
FHAT THE LOCATION OP PRESSURE TAPS 04VEN IN TERMS OF PIPE 
DIAMETER WILL HOLD FOR SMALLER PIPES A3 WELL* 
THIS IS BECAUSE THE GEOMETRIC SYMMETRY OF THE VENA 
CONTRACTA FOR PIPE ORIFICES HAS BEEN ESTABLISHED BY SPIT2-
GLASS, JUDO, AND OTHERS, AMD NO REASON IS KNOWN WHY IT SHOULD 
NOT BE TRUE \H THE BASE OF THE INTAKE PIPE ORIFICE* 
IT IS ALSO BELIEVED THAT THE COEFFICIENT FOUND WILL 
8£ ESSENTIALLY THE SAME FOR GEOMETR 8 CALLY SIVIJLAR ORIFICES 
OF SIZES DOWN TO ABOUT L/LJ. INCH, SINCE THE VALUE FOUND CHECKS 
SO WELL WITH THOSE FOUND FOR SMALL ORIFICES DISCU8SED IN 
PART IV. B. 
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APPENDIX 
A* CALIBRATION OF MANOMETERS 
THE TYPE OF MICRO MANGMETER3^U8ED *"l 8 ESSENTIALLY A 
PRIMARY INSTRUMENT AS NO CORRECTIONS OR CALIBRATIONS MUST BE 
MADE OTHER THAN TO KNOW THE DENSITY OF THE MANOMETER FLUID AT 
THE TEMPERATURE U3ED* 
\H BRIEF, IT CONSISTS OF A HORIZONTAL BOTTLE HALF FILLED 
WITH ALCOHOL USED AS A RESERVOIR AND CONNECTED BELOW THE FLUID 
LEVEL BY A FLEXIBLE HOSE TO A GLASS TU8E WITH A CROSS HAIR EN-
GRAVED ON IT» ( S E E P A G E 10). T H I S I N C L I N E D T U B E MAY BE 
RAISQ3 0R LOWERED BY TURNING THE DIAL ON TOP OF THE MAIN SCREW. 
THE INCLINATION OF THE TUBE MAY BE VARIED TO CHANGE THE SENSI-
TIVENESS OF THE INSTRUMENT* FOR PRESSURES IN THE NEIGHBOR-
HOOD OF •! INCH, AND ANGLE OF 2° WA& USED GIVING ABOUT »028 
INCH MOVEMENT OF THE MENISCUS FOR •001 INCH VERTICAL MOTION, 
WHICH IS EASILY DISCERNABLE. THE ZERO MAY BE 3ET BY RAISING 
OR LOWERING THE INCLINED TUBE RELATIVE TO THE CARRIAGE UNTIL 
THE BOTTOM OF THE MENISCUS IS ON THE CROSS HAIR, HAVING FIRST 
SET THE DIAL ON ZERO. 
IF THE DIFFERENTIAL OF TWO PRESSURES IS TO BE MEASURED, 
THE LOWER PRESSURE 18 CONNECTED TO THE TOP OF THE INCLINED 
TUBE AND THE HIGHER PRESSURE TO THE RESERVOIR. IF ONE PRES3URE 
ABOVE ATMOSPHERIC IS BEING MEASURED THE CONNECTION IS MAOE TO 
THE RESERVOIR, THE TOP OF THE CROSS HAIR TUBE BEING OPEN TO 
THE AIR* FOR A PRESSURE BELOW THAT OF THE AlR, THIS CONNEC-
TION IS SHIFTED TO THE INCLINED TUBE* 
M> 
I N EITHER CASE, TO MEASURE THE PRESSURE THE D I A L I S 
TURNED TO R A I 8 E THE INCL INED TUBE U N T I L THE MENISCUS OF THE 
L I Q U I D LEVEL I S OPPOSITE THE C R O S S H A I R * SLUCE THE MAIN SCREW 
HAS 1 0 THREADS TO THE IMCH, ON REVOLUTION MEANS «L INCH WHICH 
II INDICATED ON THE MAIM COLUMN. THE RI SI OF THE DIAL HAS 100 
EQUAL DIVISIONS SO THAT .01 REVOLUTION MEANS .001 INCH VERTI-
CAL TRAVEL OF THE CARRIAGE. 
ALTHOUGH THIS INSTRUMENT REAOS DIRECTLY TO ©001 INCH 
OF ALCOHOL AMD MAY BE EASILY ESTIMATED TO »0005 INCHES, ITS 
ACCURACY 18 DETERMINED ENTIRELY BY THE PRECISION WITH WHICH 
THE MAIN SCREW THREAD IS CUT* THESE 8CREWS WERE CUT ON A SPE-
CIAL TOOLMAKERfS LATHE BY AN EXPERT MACHINIST, AND CARE WAS 
TAKEN WHILE TURNING TO PREVENT HEATING ABOVE THE APPROXIMATE 
ROOM TEMPERATURE AT WHICH THEY WERE TO BE USED- THE TEMPERA-
TURE CHANGES ENCOUNTERED, HOWEVER, HAVE NO APPRECIABLE EFFECT 
ON ITS ACCURACY, AS A 20° F* CHANGE IN TEMPERATURE AFFECTS THE 
LENGTH OF THE BRASS SCREW ONLY •02?o* 
THE PITCH OF THE SCREWS OF EACH MANOMETER WAS CHECKED 
WITH A NEW MICROMETER FOR THE ENTIRE 8 gVJCH LENfTH AND AT NO 
POINT WAS THERE AN ERROR OF OVER «0005 INCH. TH|S IS THE 
LIMIT OF ACCURACY OF THE EXTENSION TYPE MICROMETER USED* 
> 
A GREAT ADVANTAGE OF THIS INSTRUMENT 0*£R THE U3UAL 
INCLINED MANOMETER 18 THAT THE LIQUID LEVEL IN THE RESERVOIR 
IS UNCHANGED REGARDLE3S OF THE READING, SINCE THE SAME VOLUME 
OF LIQUIO 13 IN THE TUBE WHATEVER THE READING, SO LONG AS THE 
MENISCUS IS AT THE CROSS HASH* 
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ANOTHER ADVANTAGE IS THAT THERE ®AN BE NO ERROR OF 
UNEVEN CAPILLARY EFFECT IN A TUBE OF VARYING BORE, SINCE FOR 
ALL READING8 THE LIQUID AS AT THE SAME POSITION IN THE TUBE* 
WHEN THE INSTRUMENT IS SET ON ZERO, COMPENSATION IS AUTOMAT-
ICALLY MADE FOR ANY CAPILLARY RISE OF THE LL^ULO* THIS, 
HOWEVER, IS SMALL, AS A TUBE OF LARGE BORE WAS PURPOSELY USED. 
THE DENSITY OF THE ETHYL ALCOHOL USED WAS FOUND BY TWO 
METHODS: (A) USING A STANDARD HYDROMETER AT 86° F THE SPECIFIC 
GRAVITY WAS FOUND TO BE •802. ( B ) BY DRAWING THE LIQUID UP A 
LONG VERTICAL TU8E CONNECTED TO A SIMILAR TUBE CONTAINING DIS-
TILLED WATER, THE SPECIFIC GRAVITY WAS OBTAINED BY DIVIDING 
THE HEIGHT OF THE WATER COLUMN BY THE HEIGHT OF THE ALCOHOL 
COLUMN AND MULTIPLYING THE RESULT BY THE SPECIFIC GRAVITY OF 
WATER AT THAT TEMPERATURE* IT WAS FOUND TO BE «806 AT 77° F 
IN THIS CASE, AND BY REFERRING TO THE CURVE ON PAGE 57 IT 
WILL 8E SEEN THAT BOTH DETERMINATIONS FALL ON THE SAME 
TEMPERATURE-DENSITY LINE. 
DISTILLED WATER WAS FIRST TRIED IN THESE MANOMETERS* 
BUT IT WAS FOUND THAT ITS MENISCUS BROKE WHEN THE TUBE WAS 
INCLINED AT SLIGHT ANGLES, AND SO ALCOHOL WAS RESORTED TO* 
ALCOHOL HAS THE ADDITIONAL ADVANTAGE OF GIVING ABOUT 23% 
GREATER READING FOR T H6; SAME PRESSURE. 
w 
B. CALIBRATION OF PITOT "LUBES 
A PROPERLY DESIGNED PITOT TUBE NEEDS NO CALIBRATION AS 
IT IS MERELY A DEVICE FOR TRANSMITTING TO A MEASURING DEVICE 
THE STATIC AND TOTAL PRE38URES EXISTING* IN A MOVING FLUIC* 
H O W E V E R , F A L S E P R E S S U R E S W I L L B E G I V E N BY A T U B E W H I C H D I S -
T U R B S THE FLOW OF THE FLUID TOO MUCHe 
AS TOLD Sfc THE DISCUSSION OF INSTRUMENTS, THE TUBES USED 
WERE CAREFULLY DESIGNED TO CONFORM WITH PJTCT TUBES TESTED AND 
PROVED TO GIVE CORRECT PRESSURES, AND HENCE NO CALIBRATION If. 
NECESSARY. TO ELIMINATE ANY POSSI Bill ITY OF DOUBT, BOTH TUBES 
WERE PLACED IN A WIND TUNNEL AT THE GEORGIA SCHOOL OF TECH-
NOLOGY AND SIMULTANBOU8 READINGS WERE TAKEN AT TEN DIFFERENT 
VELOCITIES UP TO 75 MILES PER HOURo THERE WAS A CONSTANT 
DIFFERENCE IK THE DIFFERENTIAL PRESSURES SHOWN OF ABOUT I %"$% 
WHICH WOULD GIVE AN ERROR OF ABOUf *($j>% DIFFERENCE IN THE VE-
LOCITY I N D I C A T E D . H O W E V E R , AT L E A S T P A R T OF T H I S E R R O R W A S DUE 
TO THE FACT THAT BOTH TUBES WERE NOT IN THE SAME LINE OF FLOW 
AND THE VELOCITY ACROSS THE TUNNEL WAS NOT CONSISTENT. THE 
RELATIVE POSITIONS OF THE TWO TUBES WERE THEN REVERSED AND 
READINGS IN THIS CASE SHOWED A FAIRLY CONSTANf DIFFERENCE IN 
DIFFERENTIAL PRESSURE NOW SHOWING THE LOWER PRESSURE* HENCE, 
BY CONCELING THIS FACTOR, THE NET ERROR IS ^ p
V -LL * .$%9 
> 
EQUIVALENT TO » 15% ERROR IM VELOCITIES COMPUTED FROM TKEIR 
READINGS, WHICH IS NEGL1GIELE. 
THIS IS NOT AN AB*OLUTE TEST, OF COURSE, BUT SINCE EACH 
TWBE WAS MADE TO DIFFERENT APPROVED STANDARDS AND CHECKED THIS 
CLOSE, IT MAY BE ASSUMED THAT BOTH TUBES «IVE READINGS CORRECT 
ENOUGH FOR ALL PRACTICAL PURPOSES. 
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C* CALIBRATION OF TKÊ . VENTURI METER 
AT THE OUTSET, IT WAS DOUBTED THAT THE VENTURI Ws ETER 
WOULD HAVE A NORMAL BOEFFICIENT OF ̂ DISCHARGE, BUT IT WAS 
USED SINCE IT WAS THE ONLY ONE AVAILABLE. \F AN INSTRUMENT 
IS ACCURATELY CALIBRATED, IT 15 IMMATERIAL WHAT ITS COEFFICISMT 
HAPPENS TO BE* 
THE VENTURIMETER WAS CONSTRUCTED OF 20 GAGE GALVANIZED 
IRON, AND UNFORTUNATELY ITS REDUCING SECTION WAS STRAIGHT, 
FORMING CORNERS AT ITS INTERSECTION WITH BOTH THE APPROACH 
SECTION AND THE PRESSURE RECOVERY SECTION* THIS WOULD TEND 
TO CAUSE DISTURBANCE IN THE FLOW, AND MEANS THAT THE THROAT 
TAPS HAD TO BE COGATED ON A RIDGE INSTEAD OF BEING IN A 
STRAIGHT UNIFORM SECTION AS THEY SHOULD. 
ORIGINALLY THERE WERE FOUR ONE INCH HOLES CONNECTED BY 
A PIEZOMETER RING AT THE THROAT AND THE SAME AT THE APPROACH 
SECTION TO MEASURE THE STATIC PRESSURE |N THESE PLANES* 
THESE HOLES WERE SOLDERED OVER AND SK THEIR PLACE EIGHT ONE-
EIGHTH INCH HOLES WERE DRILLED AT EACH SECTION AND SLIGHTLY 
BEVELED TO REMOVE BURRS* LARGE HOLES GIVE FALSE READINGS BY 
DISTURBING THE FLOW AND BY SETTING UP CURRENTS WITHIN THE 
PIEZOMETER RINGS* 
A WOOD FRAME WAS BUILT ABOUT THE PJPE TO SUPPORT VERT-
ICAL MO HORIZONTAL GUIDES FOR THE PITOT TUBE TRAVERSES, ONE 
TRAVERSE SECTION WAS 3 FEET K INCHES UPSTREAM FROM THE VEN-
TURIMETER REDUCEFT AND THE OTHER 6*2| INCHES DOWNSTREAM FROM THE 
STATIC HOLES IN THE THROAT OF THE VENTURIMETER* 
THE LATTER LOCATION IS IN THE DIVERGING PIPE FOLLOWING 
THE VENTURIMETER THROAT WHICH INCREASES ABOUT L/LO INCH IN 
DIAMETER FOR EACH INCH OF LENGTH* THE SHORT NOSED PITOT 
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TUBE WAS U3ED SO THAT THE IMPACT AND STATIC HQLL'S WOULD BE 
NEARER THE SAME PLANE. THE AREA OF THE PIPE AT THE STATIC 
HOLtS WAS USED IK COMPUTING THE FLOW, SINCE THE IMPACT OPEN-
ING OF THE PI TOT TUBE GBVES THE TOTAL PRESSURE, WHICH l£ THE 
SAME tU DIFFERENT SECTIONS OF A STEADY FLOWING FLUID EXCEPT 
FOR THE FRICTION LOSS* !N THIS CASE THE FRICTICN LOSS IS 
NEGLIBI6LE, SINCE THE DISTANCE CONSIDERED IS ONLY THE I 5>/l 6 
INCHES BETWEEN THE IMPACT AND STATIC HOLPS* THIS MEANS THAT* 
IN EFFE8JT, BOTH STATIC AND TOTAL PRESSURES WERE MEASURED IK 
THE PLANE OF THE STATIC HOLES, AND HENCE THIS AREA WAS USED* 
IN MAKING THE TRAVERSES, THE CROSS SECTION OF THE 
PIPE WAS DIVIDED INTO FIVE EQUAL CONCENTRIC CIRCULAR AREAS 
AND FOUR READINGS WERE TAKEN 90° APART IK THE CENTERS OF EACH 
OF THE FIVE AREAS* THIS GIVES 20 READINGS FOR EACH TRAVERSE* 
TO FIKD THE RATE OF FLOW, THE AVERAGE VELOCITY IS MULTIPLSCD 
BY THE AREA. SlNCE THE VELOCITY 16 PROPORTIONAL TO THE SQUARE 
ROOT OF THE VELOCITY HEAD, INSTEAD OF AVERAGING THE PRESSURES, 
THE SQUARE ROOT OF EACH READING WAS FOUND AND AVERAGED* 
THE ACTUAL QUANTITY OF AIR FLOWING, AS FOUND BY THE 
PITCT TUBE TRAVERSE IS CALCULATE© AS FOLLOWS! 
U • J2GH 
V - Au * A J2GH 
/ /— /so x 62«li5 
V « A / 2 G AV.VP y I'd x o 
U m AVERAGE VELOCITY IN THE P I P E * F T * / s E C . 
H •* HEAD OF THE FLU I t FLOW I KG, FT« 
Q a ACCELERATION OF GRAVITY , F T / S E G . / S E C * 
V s VOLUME OF A I R FLOWING* CUBIC F T . / 8 E C . 
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AV« IP~SS AVERAGE. OF SQUARE ROOTS OF VELOCITY PRESSURE 
IN INCHES OF ALCOHOL* 
80 ** SPECIFIC GRAVITY OF ALCOHOL* 
D » DENSITY OF AIP FLOWING*' 
OUIBLARLY, THE QUANTITY OF AJP AS MEASURED BV THE VEN-
TURIMETER IS EXPRESSED AS FOLLOWS* 
V - C Av 2̂QH 
C • OVERALL COEFFICIENT OF DISCHARGE, INCLUDING 
APPROACH VELOCITY FACTOR* 
Av * AREA OF VENTURSMETER THROAT, SQ* FT. 
V - CAV fi^f^ SG V x 62»43 
12 x Ov 
USINQ THE SAME SYMBOLS AS BEFORE WITH THE 
SUBSCRIPT Y TO DENOTE VENTURI METER• 
ACTUAL FLOW 
THEORETICAL FLOW 
T D 2 /SQ x 62 .Iff 
J2Q AV j/p N 2 x D 
IT Dg . /go x 6g«li3 
4 /2Q ^PV |f 12 x DV 
BUT SQ • s a v (SAME ALSOHOLJ. AT SAME T E M P . ) 
D m D V ( S A M E A I R , PRESSURE W I T H I N \%) 
C A N C E L 8NQ A L L E Q I M L T E R M S , 
D^ X AV» l/~P~ 
D 2 V X fT 
USING THIS EXPRESSION, THE VALUE OF C WAS DETERMINED BY 
21 SEPARATE 20 POINT TRAVERSES AT VARICU8 RATES OF FLOW« NlUE 
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OF THESE TRAVERSES WERE .MADE |M THE MAIN DUCT AND TWELVE 
WERE MADE IK THE NARROW SECTION FOLLOWING '.:TH THROAT* WHEN 
17 WAS POSSIBLES SIMULTANEOUS TRAVERSES WERE MADE IN BOTH 
SECTIONS., AT VERY LOW RATES OF FLOW. ONLY THE THROAf TRA-
- "fe-
VERSE COULD BE USED AS THE VELOCITY I K THE P I P E WAS TOO LOW 
TO BE MEASURED* 
THE VALUES OBTAINED WERE PLOTTED AGAINST THE VENTURI-
METER READING IN INCHES OF ALCOHOL. ALL POFITFTS EXCEPT THREE 
SHOWED REMARKABLE AGREEMENT, AND A CURVE DRAWN THROUGH THEM 
WAS USED TO FJSV'O THE COEFFICIENT FOR ANY RATE OF FLOW» 
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CALIBRATION OF VENTURIMETER 
Diameter at Pipe Traverse Section = 22.77 inches 
Diameter at Throat Traverse Section = 12.26 inches 
(Readings in inches of Alcohol) 
Pip e Traverse 
Vent.- 6.795 
Dry Bulb= 87 
Wet Bulb* 63 
Bar. - 28.66 
Throat Traverse 
Vent«6T795 
Wet; Bulb- 88 
Dry Bulbs 59 
Bar. s 29.11 
V e r t . H o r i z . Hor iz 
.29o .330 .305 
.375 .425 .377 
.410 .420 .420 
.410 .450 .440 
. 423 .450 .440 
.470 .480 .470 
. 5 1 5 .480 .460 
. 565 .456 .460 
.518 .470 .440 
. 335 . 3 6 5 .360 
Bfcfle T r a v e r s e 
V e n t - 5 .500 
Dry Bulb=: 85 
Wet Bulb= 68 
Bar. .= 2 9 . 1 2 
V e r t . Hor iz 
. 2 6 3 .270 
. 3 2 5 . 3 4 5 
. 3 4 2 .370 
. 3 4 5 . 370 
. 3 5 5 .375 
. 380 . 3 6 5 
.387 .365 
.387 .363 
. 3 6 7 .349 
. 2 8 8 . 295 





with average of 
horizontals: 
Ooeff.= .88895 
Av. of Sq. Roots 
.58545 .58831 
Ooeff. ~ .88873 
V e r t . H o r i z . 
, 5 . 0 6 8 5 .217 
5 .043 5 . 1 5 8 
5 .012 5 .056 
4 . 9 2 5 4 . 9 8 6 
4 . 8 6 6 




4 . 9 5 7 Av.of Sq .Rts . 
f - ^ 6 V e r t . - . 2 2 5 0 8 
5 . 0 6 5 H o r i . - . 2 2 6 0 9 
° ' i ° 2 Coeff . - .89088 
b.<d<dy 
5.198 5 .364 
T h r o a t T r a v e r s e 
VenlT.t* 57500 
Dry Bu lb^ 80 
Wet B u l b - 70 
Ba r . = 2 9 . 1 2 
Vent.,. H o r i z . 
4 . 1 1 5 4 . 2 4 0 
4 . 1 1 5 4 . 1 7 7 
4 . 0 8 0 4 . 1 3 0 
4 . 0 4 0 4 . 0 6 5 
3 .980 4 . 1 5 0 
4 . 0 1 0 4 . 1 5 0 
4 . 0 9 0 4 . 1 1 5 
4 . 1 3 5 4 . 1 7 6 
4 . 1 5 5 4 . 2 5 0 
4 . 1 4 5 4 . 2 4 0 
Av. of .Sq . Roo t s 
2 . 0 2 1 3 2 .0406 
Ooeff.** . 89115 
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CALIBRATION OF VENTURIMETER 
~~~^Q Q n 11 nu e d) 
Pipe Traverse 
Vent.- 4.500 
Dry Bulb= 81.5 
Wet Bulb= 56.6 
Bar. = 29.17 
V e r t . H o r i z . 
. 2 5 5 . 2 3 8 
.287 .295 
. 2 9 5 .300 
.303 .325 
.310 .310 




.215 . <d3y 
Av. of i 3q. Roo t s 
. 5 3 2 3 1 .53358 
C o e f f . = . 8 9 2 2 4 
P i p e T r a v e r s e 
V e n t . = 3 . 6 0 0 
Dry Bulb=82 
Wet Bulb=55 
Bar .= 2 9 . 1 9 
V e r t . H o r i z . 
.170 . 1 7 5 
.225 . .237 
.230 .255 
.247 .255 






T h r o a t T r a v e r s e 
Vent, ZATUQ 
Dry ; Bulb-82 
Wet ! Bulb=59 
Bar . : =29 ,89 
V 
V e r t . H o r i z . 
2 . 9 6 5 3 .090 
2 . 9 6 0 3 .050 
2 . 9 6 0 3 .005 
2 . 9 2 0 2 . 9 6 5 
2 . 8 9 5 2 . 9 1 5 
2 . 9 2 5 2 .920 
2 . 9 8 0 2 . 9 6 5 
3 . 0 2 5 3 .035 
3 .050 3 .070 
3 .040 3 .150 
Av. of Sq. R o o t s 
1 .7237 1 .7363 
Coeff . ' =*. 89049 
T h r o a t T r a v e r s e 
Vent . r 3 . 2 5 
Dry Bulb~88 
Wet Bulb=60 
Ba r . =29 .00 
V e r t . H o r i z . 
2 . 4 6 0 2 . 5 0 0 
2 . 4 3 0 2 . 4 8 0 
2 . 4 1 0 2 . 4 4 5 
2 . 3 9 0 2 . 4 0 5 
2 . 3 6 0 2 .380 
2 . 3 8 5 2 . 3 6 5 
2 . 4 2 5 2 . 4 1 0 
2 . 4 7 5 2 . 4 4 5 
2 . 4 6 5 2 .480 












V e r t . - H o r i z 
,2M . 225 
. 2 7 0 . 2 7 5 
. 3 0 0 .300 
. 3 0 5 .300 
. 2 9 5 .300 
.260 .265 
. 250 .260 
. 240 .247 
. 2 3 0 .240 
. 1 9 0 .200 
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